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ABSTRACT 

We report on Chandra observations of 18 hard X-ray (>20keV) sources discovered with the INTEGRAL 
satellite near the Galactic plane. For 14 of the INTEGRAL sources, we have uncovered one or two potential 
Chandra counterparts per source. These provide soft X-ray (0.3-10keV) spectra and sub-arcsecond local- 
izations, which we use to identify counterparts at other wavelengths, providing information about the nature 
of each source. Despite the fact that all of the sources are within 5° of the plane, four of the IGR sources 
are AGN (IGR J01545+6437, IGR J15391-5307, IGR J15415-5029, and IGR J21565+5948) and four others 
are likely AGN (IGR J03103+5706, IGR J09189-4418, IGR J16413^046, and IGR J16560^958) based on 
each of them having a strong IR excess and/or extended optical or near-IR emission. We compare the X-ray 
and near-IR fluxes of this group of sources to those of AGN selected by their 2-10keV emission in previous 
studies and find that these IGR AGN are in the range of typical values. There is evidence in favor of four of 
the sources being Galactic (IGR J12489-6243, IGR J 15293-5609, IGR J16173-5023, and IGR J16206-5253), 
but only IGR J 15293-5609 is confirmed as a Galactic source as it has a unique Chandra counterpart and a 
parallax measurement from previous optical observations that puts its distance at 1.56±0.12kpc. The 0.3- 
lOkeV luminosity for this source is (I.4+J4) x 10 32 ergs , and its optical/IR spectral energy distribution is 
well described by a blackbody with a temperature of 4200-7000 K and a radius of 12.0-16.4 Rq. These values 
suggest that IGR J 15293-5609 is a symbiotic binary with an early K-type giant and a white dwarf accretor. 
We also obtained likely Chandra identifications for IGR J13402-6428 and IGR J15368-5102, but follow-up 
observations are required to constrain their source types. 

Subject headings: galaxies: active — stars: white dwarfs — stars: neutron — X-rays: galaxies — X- 
rays: stars — stars: individual (IGR J01545+6437, IGR J03 103+5706, IGR J04069+5042, 
IGR J06552-1 1 46, IGR J09 1 89-44 1 8, IGR J 1 2489-6243, IGR J 1 3402-6428, IGR J 1 5293- 
5609, IGR J15368-5102, IGR J15391-5307, IGR J15415-5029, IGR J16173- 
5023, IGR J16206-5253, IGR J16413^1046, IGR J16560-4958, IGR J21 188+4901, 
IGR J21565+5948, IGR J22014+6034) 



1. INTRODUCTION 

The hard X-ray imaging of the Galactic plane by the IN- 
TErnational Gamma-Ray Astrophysics Laboratory (INTE- 
GRAL) satellite continues to find new "IGR" sources at en- 
ergies >20keV. While INTEGRAL excels at discovering new 
sources in the 20^40 keV band, especially due to its large 
field-of-view, it only localizes them to l'-5', which is not 
nearly adequate for finding optical/IR counterparts. Short 
Chandra exposures of IGR sources allow for a major ad- 
vance in understanding the nature of these sources by pro- 
viding sub-arcsecond positions, leading to unique optical/IR 
counterparts, as well as 0.3-10keV spectra that can be used 
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to measure column densities and continuum shapes. 

After observations between 2003 and 2008, INTEGRALhzd 
detected more than 700 hard X-ray sources dBird et al.ll2010l) . 
While that catalog includes nearly 400 IGR sources, the most 
up-to-date lis{3 includes more than 500 IGR entries. The 
largest group of identified sources are the A ctive Galactic Nu - 
clei with >250 confirmed AGN detected dBird et all 120101) . 
The largest Galactic source types include High-Mass X-ray 
Binaries (HMXBs), Low-Mass X-ray Binaries (LMXBs), and 
Cataclysmic Variables (CVs). A subset of these binaries are 
symbiotics with a white dwarf or neutron star accreting from 
a giant (i.e., luminosity class III) star. It has been somewhat 
surprising that the symbiotics with white dwarf accretors can 
produ ce hard X-ray emission (Ken nea et al.ll2009i: iRatti et al.l 
2010). In addition, INTEGRAL has detected new as well as 
known supernova remnants (SNRs) and pulsar wind nebulae 
(PWNe). Unidentified IGR sources is also still a large group, 
and the most critical piece of information for determining the 
nature of these sources is to obtain a sub-arcsecond X-ray po- 
sition. 

Even the faintest INTEGRAL detections, which are near 
~2 x 10~ 12 ergcm~ 2 s _I (20^-0 keV), are usually easily de- 
tected by Chandra in a short exposure time. With 
our previous Chandra programs, we obtained 5 ks snap- 
shots of 46 IGR sources, and obtained 35 Chandra coun- 

9 See |http://irfu.cea.fr/Sap/IGR-Sources/| 
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TABLE 1 
Chandra OBSERVATIONS 



IGR Name 


ObsID 


P 


b b 


Start Time (UT) 


Exposure (s) 


J01545+6437 


12425 


129.62 


+2.57 


2011 Feb 7, 19.47 h 


4987 


J03 103+5706 


12419 


140.95 


-0.83 


2010 Nov 23, 10.39 h 


4716 


J04069+5042 


12421 


151.43 


-1.03 


2010 Nov 25, 5.47 h 


4987 


J06552-1 146 


12433 


223.85 


^1.52 


2010 Dec 12, 22.35 h 


4986 


J09 189^4 18 


12426 


267.93 


+3.64 


2011 Jul 22, 0.37 h 


5007 


J 12489-6243 


12416 


302.64 


+0.15 


2010 Nov 25, 22.19 h 


4986 


J 13402-6428 


12424 


308.15 


-2.10 


2011 Oct 6, 9.38 h 


4995 


J15293-5609 


12417 


323.66 


+0.22 


2011 Jun 22, 22.08 h 


5096 


J 15368-5 102 


12428 


327.52 


+3.76 


2011 Oct 9, 2.91 h 


4695 


J15391-5307 


12422 


326.58 


+1.88 


2011 Apr 14, 21.18 h 


4992 


J 154 15-5029 


12429 


328.45 


+3.76 


2011 Oct 9, 1.13 h 


4994 


J16173-5023 


12415 


332.84 


+0.14 


2011 Oct 11, 5.28 h 


4989 


J16206-5253 


12423 


331.47 


-2.01 


2011 Jul 5, 18.10 h 


4992 


J 164 13-4046 


12427 


342.71 


+3.70 


201 1 May 9, 0.50 h 


4991 


J16560-4958 


12431 


337.32 


-4.17 


2011 May 23, 5.91 h 


4992 


J2 11 88+4901 


12418 


91.27 


-0.33 


2011 Feb 28, 2.77 h 


4989 


J21565+5948 


12430 


102.54 


+4.06 


2011 May 30, 20.79 h 


4992 


J220 14+6034 


12432 


103.49 


+4.28 


2011 Apr 16, 11.82 h 


4994 



"Galactic longitude in degrees measured by INTEGRAL. 
b Galactic latitude in degrees measured by INTEGRAL. 

terparts dTomsick et al l 120061 120081 12009b . Based on 
Chan dra spectral i n forma ti on and opt i cal/TR observations 
(e.g. iMasetti et all 120091: iChatv etalJ l200l iButler et all 
2009), definite or likely identifications have been ob- 
tained for 32 of our Chandra targets. These programs 
have all concentrated on low Galactic latitude targets 
as the Chandra positions are most critical for obtaining 
optical and IR counterparts in the crowded regions of 
the Galactic plane. Although our scientific goals have 
leaned to ward finding Galactic sources such as obscured 
HMXBs dMatt & Guainazzil |200H iFilliatre & Chatvl 12001: 
IWalter et al.ll2006t IChatv & Rahouil 120121) or supergiant fast 
X-ray transients (SFXTs. iNegueruela et al.ll20"06[ISrnith et al J 
120061 iPellizza. Chatv & Negueruelall20'06h . it has still been 
relatively common to find that the INTEGRAL sources 
are b ackground AGN (e.g., iZurita Heras. Chatv & Tomsickl 
120091) . 

In the following, we describe the results of Chandra obser- 
vations of 18 IGR sources that were made between late-2010 
and late-2011. The observations are described in §2, and 
the search for X-ray counterparts, fits to the Chandra energy 
spectra, and multi-wavelength identifications are described in 
§ 3. A discussion of the results for each source is provided in 
§ 4, and § 5 includes a summary. 

2. CHANDRA OBSERVATIONS AND DATA PROCESSING 

When the target selection was done for this program, we 
considered 723 sources listed in the 4 th INTEGRAL survey 
catalog of Bird et all (I2010I) . We excluded sources if their 
classification (e.g. AGN, HMXB, etc.) was known according 
to lBird et all (120101) or the INTEGRAL Sources website 1 , and 
we only considered sources situated within 5° of the Galactic 
plane. From 98 low-latit ude sources, we removed sources la- 
beled as transient in Bird et al. (2010), as well as sources with 
previous or planned observations by Chandra, XMM-Newton, 
or Swift. 

After the selections described above, we were left with 19 
sources that we observed with Chandra. We r eported on one 
target, IGR J 1 1014-6103, in a separate paper (Tomsi ck et al.l 



120121) and the other 18 targets here. Table Q~]lists the sources, 
their INTEGRAL positions, and basic information about the 
Chandra observations. The observations of the IGR source 
fields occurred between 2010 November 23 and 2011 Oc- 
tober 11, and, in each case, an exposure time of ~5 ks 
was obtained. We used the Advance d CCD Imaging Spec- 
trometer (ACIS, iGarmire et al. 2003) instrument, which has 
a 0.3-10keV bandpass. The 90% confidence INTEGRAL 
error circles range from 3/3 to 5/4, leading us to use the 
16.9 x 16.9arcmin 2 field-of-view (FOV) of the ACIS-I instru- 
ment. We used the ACIS "Faint" mode because of the poten- 
tial for bright sources to saturate the Chandra telemetry if we 
used "Very Faint" mode. In addition, we used a custom dither 
pattern to decrease the non-uniformity of the exposure time 
due to gaps between the four ACIS-I chips. 

The data were initially processed at the Chandra X-ray 
Center (CXC) with ASCDS versions between 8.3.3. 1 and 8.4. 
After obtaining the data from the CXC, we performed all sub- 
sequent processing with the Chandra Interactive Analysis of 
Observations (CIAO) version 4.3.1 software and Calibration 
Data Base (CALDB) version 4.4.6. We used the CIAO pro- 
gram chandra_repro to produce the "level 2" event lists 
that we used for further analysis. 

3. ANALYSIS AND GENERAL RESULTS 
3.1. Search for X-ray Counterparts to the IGR Sources 

We used the CIAO routine wavdetect to search for X- 
ray sources on the ACIS-I chips. For each observation, we 
searched for sources in unbinned images with 2048 x 2048 
pixels as well as images binned by a factor of 2 (1024 x 1024 
pixels), a factor of4(512x512 pixels), and a factor of 8 
(256 x 256 pixels). In each case, we set the detection thresh- 
old to a level that would be expected to yield one spurious 
source (2.4 x 10" 7 , 9.5 x 10" 7 , 3.8 x 10" 6 , and 1.5 x 10" 5 , re- 
spectively, corresponding to the inverse of the number of pix- 
els for each of the four images). Thus, in the merged lists of 
detected sources, it would not be surprising if a few of the 
sources in each field are spurious. 

Although we typically detected dozens of Chandra sources 



Chandra Observations of INTEGRAL Sources 



3 



TABLE 2 

Chandra CANDIDATE COUNTERPARTS TO IGR Sources 







9^/9lNTEGRAL^ 


Chandra R.A. C 


Chandra Decl. c 


ACIS 




ICR Name 


CXOU Name 


(arcminutes) 


(J2000) 


(J2000) 


Counts' 1 


Hardness 6 


J01545+6437 


J015435.2+643757 (1) 


1.32/4.1 


()l h 54 ra 35 s .28 


+64° 37' 57. "8 


29.3 


+0.40 ±0.26 


J03103+5706 


J031010.6+570712 (2) 


1.37/4.9 


03 h 10 m 10 s .61 


+57°07'12."1 


17.4 


+0.79 ±0.41 


J09 189^4 18 


J091858.8-441830 (3) 


0.64/4.5 


09 h 18 m 58 s .83 


-44°18'30."9 


377.4 


+0.79 ±0.07 


J12489-6243 


J124846.4-623743 (4a) 


5.42/4.1 


12 h 48 m 46 s .44 


-62°37'43."1 


38.1 


+0.67 ±0.24 




J 124905. 3-624242 (4b) 


1.40/4.1 


12 h 49 ra 05 s .32 


-62°42'42."6 


16.3 


+0.16±0.35 


J 13402-6428 


J133935. 8-642537 (5a) 


5.02/3.5 


13 h 39 ra 35 s .89 


-64°25'37."7 


97.7 


+0.38±0.13 




J133959.2-642444 (5b) 


4.29/3.5 


13 h 39 m 59 s .25 


-64°24'44."3 


31.7 


+0.16 ±0.24 


T15293-5609 


J152929.3-561213 (6) 


3.08/5.4 


15 h 29 ra 29 s .37 


-56° 12' 13. "3 


119.4 


-0.51±0.12 


J15368-5102 


J153658.6-510221 (7) 


1.82/4.9 


15 h 36 m 58 s .64 


-51°02'21."4 


77.4 


+0.23 ±0.14 


J15391-5307 


J153916.7-530815 (8) 


2.25/4.5 


15 h 39 m 16 s .78 


-53°08'15."9 


46.5 


+1.01 ±0.25 


J15415-5029 


J154126.4-502823 (9a) 


1.12/3.8 


15 h 41 m 26 s .45 


-50°28'23."5 


46.4 


+0.71 ±0.22 




J154140.5-502848 (9b) 


2.02/3.8 


15 h 41 m 40 s .57 


-50°28'48."6 


15.4 


+0.11 ±0.37 


T16173-5023 


J161728.2-502242 (10a) 


2.11/3.3 


16 h 17 m 28 s .26 


-50°22'42."5 


694.6 


+0.36 ±0.04 




J161720.6-502415 (10b) 


1.38/3.3 


16 h 17 m 20 s .65 


-50° 24' 15." 1 


15.4 


+1.02 ±0.49 


T16206-5253 


J161955.4-525230 (11) 


6.09/4.6 


16 h 19 m 55 s .49 


-52°52'30."2 


70.3 


+0.80 ±0.18 


J 164 13^1046 


J1641 19.4-404737 (12) 


0.81/4.5 


16 h 41 m 19 s .49 


-40°47'37."7 


147.4 


+0.91 ±0.12 


J16560^1958 


J165551.9-495732 (13) 


0.99/4. 1 


16 h 55 ra 51 s .95 


-49°57'32."4 


1092.4 


+0.54 ±0.04 


J21565+5948 


J215604.2+595604 (14) 


7.88/4.9 


21 h 56 m 04 s .22 


+59°56'04."1 


202.8 


+0.11 ±0.08 



a The angular distance between the center of the INTEGRAL error circle, which is also the approximate Chandra aimpoint, and the source. 
b The size of the 90% confidence INTEGRAL error radius given in Bird et al. (20Tfj|). 

c The posit ion uncertainties for these relatively bright sources are dominated by the systematic error, which is ." 64 at 90% confidence and 1 " at 99% confidence 
iWeisskopf 2005). 

d The number of counts, after background subtraction, measured by Chandra/ ACIS-1 in the 0.3-10 keV band. 

c The hardness is given by (C2 —Ci)/(C% +C\), where Ci is the number of counts in the 2-10 keV band and C\ is the number of counts in the 0.3-2 keV band. 



in each field, we used information about their brightnesses, 
their hardnesses, and their locations relative to the INTE- 
GRAL error circle to determine which sources to consider 
as candidate counterparts to the INTEGRAL sources. To de- 
termine the m ost likely candidates, we followed the tech- 
nique used in To msick et al.l (120091) . The broadest Galac- 
tic plane survey to date that resulted in a suitable logAf- 
\ogS curve was obtained with the Advanced Satellite for 
Cosmology and Astrophysics (ASCA). The 2-10keV logA^- 
logS is described as a power-law with N(> fi-iokev) = 
9.2(F 2 _io k ev/10- 13 )-°- 79 deg- 2 , where F 2 _i 0ke v is the ab- 



rates, C2-10 keV according to 



A-ei=l-e 



( C 2-IOkcV j-0.79 



(2) 



sorbe d 2-10keV flux in units of erg cm" 2 s" 1 (Sugi zaki et al.l 
120011) . Althoug h this relationship is meant to b e for Galac- 
tic sou rces only, Sugizaki et all (120011) as well as lHands et al.l 
(2004), which combines the ASCA measurements with Chan- 
dra and XMM-Newton logAMogS measurements for smaller 
regions of the plane, suggest that the above relationship is a 
good approximation to the total source density down to a flux 
level of a few xl0~ 13 erg cm" 2 s" 1 . Thus, we use this rela- 
tionship for our initial calculations, but we discuss the impact 
of a steeper logAMogS on our faintest Chandra candidates 
in § 3.3. Using Poisson statistics, the probability (P) that a 
source is spurious is given by 



P = \ 



-N(>FZ-W kev) 7T Si 



(1) 



where # semc h is the radius of the search region in units of de- 
grees. In cases where a source is within the 90% confidence 
INTEGRAL error circle, which has a radius of Ointegral, the 
error circle is the search region (i.e., 6* searc h = ^integral)- For 
sources outside the error circle, 6* sear ch = 0, where 9 is the an- 
gular separation between the source and the center of the IN- 
TEGRAL error circle. 

While calculating the absolute spurious probabilities re- 
quires spectral modeling to determine source fluxes, here, we 
calculate a relative probability, P re \, using the 2-10keV count 



where Co is an arbitrary number of counts. We set this param- 
eter to 520, which makes the source with the highest number 
of counts in the 2-10keV band have P re i = 0.01. 

After carrying out the spectral analysis (§3.2) and deter- 
mining the actual fluxes for a subset of the sources, we find 
that a value of P m \ = 0.3 corresponds to a 10-25% spurious 
probability, where the large range is caused by the variation in 
the counts-to-flux ratio with the hardness of the spectrum. We 
consider P K \ = 0.3 to be our threshold for further consideration 
of a source as a candidate counterpart. We made only two ex- 
ceptions to the strict threshold: for IGR J09189^+418, we do 
not consider two candidates with P re i = 0.29 because there is a 
much better candidate with f re i = 0.02, and for IGR J16413- 
4046, we do not consider a candidate that is right at the thresh- 
old because there is a candidate with P K \ = 0.05. 

With these criteria, we find four cases with no Chan- 
dra sources that stand out from the general X-ray 
source population: IGR J04069+5042, IGR J06552-1146, 
IGR J21 188+4901, and IGR J22014+6034, and for these 
sources, we include lists of detected sources in these fields 
in Appendix A. Ten sources have unique candidate counter- 
parts, and four sources have two candidate counterparts. The 
final list of 18 sources that we consider as potential or likely 
counterparts to the IGR sources is given in Table [2] For IGR 
sources with two Chandra counterparts, the first source is the 
one with lower P m \. 

The hardness-intensity diagram, including all of the de- 
tected Chandra sources, is shown in Figure Q] For each 
source, we determined the number of source counts in the 
0.3-2keV band (d) and the 2-10keV band (C 2 ). Using the 
size of the Chandra point spread function (PSF) as a guide, 
we used extraction radii of 5" for sources within 4' of the 
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FIG. 1 . — Hardness-intensity diagram, including all of the Chandra/ ACIS- 

1 sources detected in the 18 Chandra observations. The intensity is given 
as the number of ACIS-I counts in the 0.3-10 keV energy band. The 
hardness is given by (C2 — Cj )/ (C2 + Ci ), where C2 is the number of 
counts in the 2-10 keV band and C\ is the number of counts in the 0.3— 

2 keV band. The sources that we consider as possible Chandra counter- 
parts to the IGR sources are plotted with black diamonds and error bars. 
The labels correspond to the sources as follows: 1=IGR J01545+6437, 
2=IGR J03103+5706. 3=IGR J09189-4418, 4a=IGR J12489-6243 (can- 
didate a), 4b=IGR J12489-6243 (candidate b), 5a=IGR J13402-6428 
(candidate a), 5b=IGR J13402-6428 (candidate b), 6=IGR J15293-5609, 
7=IGR J15368-5102, 8=IGR J15391-5307, 9a=IGR J15415-5029 (candi- 
date a), 9b=IGR J15415-5029 (candidate b), 10a=IGR J16173-5023 (can- 
didate a), 10b=IGR J16173-5023 (candidate b), 11=IGR J16206-5253, 
12=IGR J16413^1046, 13=IGR J16560-4958, and 14=IGR J21565+5948. 

aimpoint, 10" for sources between 4' and 7' from the aim- 
point, and 15" for sources more than 7' from the aimpoint. 
The background counts were taken from a rectangular source- 
free region, scaled to the size of the source extraction region, 
and subtracted off. We then calculated the hardness accord- 
ing to (C2 - C\ )/ (C2 + C\ ), which runs from -1.0 for the softest 
sources (all the counts in the 0.3-2 keV band) to +1.0 for the 
hardest sources (all the counts in the 2-10keV band). To deal 
with the case where there are zero counts in one of the energy 
bands, we used the "Gehrels " prescription for determining the 
uncertainties (Gehrels 1986). The sources that we are consid- 
ering as candidate counterparts are labeled, and they primar- 
ily occupy the region of the diagram with harder and brighter 
sources. For these sources, the numbers of source counts and 
the hardnesses are given in Table [2] 

3.2. Energy Spectra of the Candidate Counterparts 

For each of the candidate counterparts, we produced and 
modeled the 0.3-10keV Chandra energy spectrum. We ex- 
tracted source photons from circular regions with radii as de- 
scribed above. Although background is negligible in most 
cases, we made a background estimate using the rectangular 
regions described above, and performed background subtrac- 
tion. We fitted the spectra using the XSPEC vl2.7.0 software 
package. For 16 of the 18 spectra, we fitted unbinned spectra 
and optimized the fit using Cash statistics^ In two cases, the 

10 Although we follow the XSPEC terminology by calling 
this the "Cash" statistic, when background subtraction is per- 
formed, it is technically the W-statistic that is minimized. See 

http://heasarc.nasa.gov/xanadu/xspec/manual/XSappendixStatistics.html 



count rates were high enough to cause photon pile-up, and we 
used x 2 statistics in these cases. We accounted for pile-up i n 
the two cases using the XSPEC model pileup dDavisl2001h . 

We fitted the spectr a with a model consisting of an ab sorbed 
power-law and used IWilms. A llen & McCravl (12000) abun- 
dances and iBahicinska-Church & McCammon (1992) cross 
sections to model the absorption, and the results are shown 
in Table[3] For each source, the measured column density po- 
tentially includes contributions from the Galactic ISM as well 
as from absorption that is intrinsic to the source. The value of 
/Vh given in Table|3] is the to t al, but we also include the Galac- 
tic N H from iKalberla et akl (120051) for comparison. For the 
spectra fitted with Cash statistics, we used the XSPEC routine 
goodness to determine the percentage of simulated spectra 
with a fit statistic less than that obtained for the data. One 
expects a value near 50% if the model is consistent with the 
spectrum, and we obtain an average value of 55%. The values 
range from 28.6% to 81.4% with three sources having values 
>75%. For these three cases, we produced binned spectra 
with at least 10 counts per bin, performed a \ 2 minimiza- 
tion fit, and inspected the residuals. For CXOU J091858.8- 
441830 and CXOU J215604.2+595604, we obtained reduced- 
X 2 (xi) values of 1.0 (33 degrees of freedom) and 0.85 
(17 dof), respectively, and there are no obvious features in 
the residuals in either case. For CXOU J1641 19.4-404737, 
X 2 = 1-2 (12 dof), and there are positive residuals near 5 keV. 
Adding a Gaussian with an energy of 5.0 ± 0.3 keV provides 
a marginally significant improvement in the fit to xt = 0-95 (9 
dof). It is possible that the source is a background AGN and 
that the Gaussian is a redshifted iron line. The line energy 
implies a redshift of z = 0.28 ± 0.08. As the detection of this 
emission line is marginal, we report the fit parameters with 
and without the line in Table [3] 

The two candidates with the highest count rates, 
CXOU J161728.2-502242 and CXOU J16555 1.9^195732, 
have spectra that show evidence for photon pile-up. When 
their spectra, binned with at least 20 counts per bin, are fitted 
with absorbed power-law models and no pile-up correction, 
the x 2 values obtained are both 1.8 (31 and 50 dof, respec- 
tively). For the former source, a pile-up correction improves 
the fit to xt = 1-32 (30 dof), but residuals are still seen be- 
tween 6 and 7 keV. We added a Gaussian emission line with an 
energy of 6.8±Q 4keV, and the fit improves further to xt — 1-21 
(27 dof). While the statistical significance of this line is also 
marginal, we report the fit parameters with the line in Table [3] 
For CXOU J 16555 1.9-495732, the fit improves to = 1.1 
(49 dof) with the pile-up correction, and the residuals do not 
suggest that other spectral components are required. 

3.3. Assessing the Likelihood that the Candidate 
Counterparts are the True Counterparts of the IGR 
Sources 

With the spectral fits completed, we used Equation 1 to es- 
timate the probabilities of spurious associations between the 
Chandra sources listed in Tables [2] and [3] and their respective 
IGR sources. We used the spectral parameters given in Ta- 
ble[3]to determine the absorbed 2-10 keV flux for each source. 
These fluxes are given in Table |4] alon g with jV(> F?-iokey ) 
(the density of sources on the sky from Sug izaki et al.l 2001 ). 
S, Ointegral, and an estimate of the probability that each as- 
sociation is spurious. Taken as a group of 18 candidates, we 
would expect probabilities of 5.6%, 11.1%, and 22.2% to cor- 
respond to one, two, and four (out of 18) spurious associa- 
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TABLE 3 
Chandra SPECTRAL RESULTS 
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a The parameters are for power-law fits to the Chandra/AC IS spectra and includ e photoelectric absorption with cross sections from 
Balucinska-Church & McCammon 1 1992) and abundances from Wilms. Allen & McCrav 12000). In general, the measured value of A'h and the errors on 
A'h are scaled-down by ~30% if solar abundances ( Anders & Grevesse 1989j) are used rather than the approximation to average int erstellar abu ndances 
iWilms, Allen & McCrav 2000). A pile-up correction was applied in the two cases where pile-up parameters are given. The PSF fraction (Davis 2001) was left 
fixed to 0.95 (the default value). Errors in this table are at the 90% confidence level (AC = 2.7 for the Cash fits and Ax 2 = 2.7 for the x 2 fits). 

b Unabsorbed 0.3-10 keV flux in units of 10~ 12 erg cm - 2 s -1 . 

c The grade migration parameter in the pile-up model (Davis 2001). The probability that n events will be piled together but will still be retained after data 
filtering is a" -1 . 

d For the Cash fits, we report the Cash statistic for the best fit model, the degrees of freedom, and, in parentheses, the percentage of simulated spectra for which 
better fits were obtained. For the x 2 fits, we report the v 2 for the best fit model and the degrees of freedom. 



etter hts were obtained. For the x~ fits. we report the x tor the best tit n 
c The column density inferred from the Kalberla et al. ( 2005) H I survey. 



' With a Gaussian emission line added with £ii ne = 
E With a Gaussian emission line added with E[[ nt , - 



keV, (Tline = 

5.0±0.3keV, er Ul 



0.45+^keV,andA, ine = 
= 0.3 ± 0.3 keV, and M„ 



U+J 7 4 ) X 10~ 5 phcrrT 2 s" 
:(1.9+J]) X 10~ 5 phcnr 2 



tions. The calculated probabilities range from 0.35% to 24%, 
and we would, roughly, consider the four with values between 
0.35% and 1.7% to be very likely associations, the three with 
values between 2.2% and 3.0% to be likely associations, the 
seven with values between 5.1% and 8.8% to be somewhat 
likely associations, and the four with values of 12% or greater 
to be questionable. For the cases with two candidate counter- 
parts (i.e., cases for which we know one of the counterparts 
is spurious), the candidates with the higher probabilities of 
being spurious have values of 2.2%, 12%, 18%, and 24%. 
Although it is somewhat surprising that one of the spurious 
sources has a probability of only 2.2%, the other three would 
fall in the "questionable" category. 

The faintest sources actually become significantly more 
likely to be spurious when one considers that the AGN con- 
tribution causes the log TV-log S to steepen at low flux levels. 
Although it is clear th at this steepening occurs (lHands et al.l 
120041: iKim et ai]l2007h . there are complications in the Galac- 
tic plane due to absorption of the background AGN by the 
ISM as well as uncertainties about the decomposition of the 
log/V-logS into its Galactic and extragalactic parts. How- 
ever, if we take the combi nation of Galactic and extragalactic 
components estimated by Sugizaki et al. (2001), the spurious 
probabilities for the four faintest sources increase by factors 
of 1.7-2.2. The changes are much smaller for the brighter 
sources, but, in Table [4] we provide the spurious probabili- 
ties with the extragalactic component included for all of the 
Chandra candidates. 



We also considered whether extrapolations of the Chandra 
spectra are consistent with the 20^0 keV INTEGRAL fluxes. 
To estimate the maximum extrapolated hard X-ray flux, we 
fixed the photon index to the lowest (i.e., hardest) value within 
its 90% confidence error range, refitted the spectra, and then 
calculated the 20^+0 keV flux. The same procedure was used 
to determine the minimum flux, but the photon index was 
fixed to the highest (i.e., softest) value. Table [5] includes 
the 20-40 keV fl uxes reported from INTEGRAL observations 
dBird et al.l 120101) along with an indication of whether each 
source has variable hard X-ray emission, the minimum and 
maximum extrapolated fluxes (with the values of the photon 
index used), and a conclusion about whether the measured 
INTEGRAL and extrapolated Chandra fluxes are consistent 
with one another. The fluxes are labeled either as "consis- 
tent" or "cutoff needed" in 13 cases, where the latter conclu- 
sion indicates that the Chandra extrapolation is higher than 
the INTEGRAL flux. Three cases are labeled as "inconsis- 
tent" because the Chandra extrapolation is lower than the 
INTEGRAL flux. Two of these (CXOU J 124905. 3-624242 
and CXOU J154140.5-502848) are cases with two candidate 
counterparts and high (18% and 24%) spurious probabilities. 
The third is CXOU J153658.6-510221 for which the INTE- 
GRAL flux is (3.8 ±0.8) x 10 _I2 ergcm- 2 s" 1 while the max- 
imum Chandra extrapolated flux is 1.8 x 10~ 12 erg cm" 2 s" 1 . 
Given that this is only a factor of ^2 low and that the proba- 
bility for the association to be spurious is 7.4% (see Table 0J, 
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TABLE 4 

Quantities for Calculating the Probability of Spurious Associations 
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a The absorbed 2-10 keV flux in units of erg cm 2 s . 



b The X-ray source density at the flux level for each source from the ASCA survey of the Galactic plane using the log/V-logS from § 3.1 (Sugizaki et al . 2001). 
c The angular distance between the center of the INTEGRAL error circle and the source. 
d The 90% confidence INTEGRAL error radius ( Bird et al.120101) . 
Trobability of a spurious association using the logAMogS from § 3.1. 

f Probability of a spurious association using a log A'-log S that is the sum of the relation given in § 3 . 1 and a steeper relation that is an estimate for the extragalactic 
contribution seen through the Galaxy (see § 3.3). 



this should still be considered as a candidate counterpart. 

In the final two cases (CXOU J03 1010.6+5707 12 and 
CXOU J152929.3-561213), no conclusion is reached be- 
ca use an upper Um it on the 20^0 keV flux is quoted 
in iBird et alT (120101) . This occurs because the INTE- 
GRAL detection occurred in a different energy band. For 
CXOU J03 1010.6+5707 12, the INTEGRAL flux limit is 
<3.8 x 10~ 12 erg cm" 2 s" 1 while the maximum Chandra ex- 
trapolated flux is 2.9 x 10~ I2 ergcm" 2 s _I . Thus, the fluxes 
are formally consistent, and the associati on remains plausible. 
For CXOU J152929.3-561213, although lBlrdetaLl d20loT) re- 
port an upper limit, they also indicate that the source is vari- 
able and quote a maximum 20-40 keV flux of 2.3 x 10" 12 
erg cm" 2 s" 1 . The maximum Chandra extrapolated flux is 25 
times lower than this, but since the source is known to be vari- 
able, we cannot rule out the association. 

In summary, based on the probabilities and the flux compar- 
isons to INTEGRAL, it is likely that the CXOU J 124905. 3- 
624242 and CXOU J154140.5-502848 associations are spu- 
rious. Also, due to the presence of multiple candidate coun- 
terparts, we know that one of the IGR J 13402-6428 and one 
of the IGR J 16 173-5023 candidate counterparts are spurious 
(unless INTEGRAL is actually detecting unresolved flux from 
both of the Chandra sources in these cases). 

3.4. Multi-Wavelength Identifications 

We began the search for multi-wavelength counterparts by 
using the SIMBAD databas^3 to determine if any known 
source coincides with each Chandra source. We used the 
Chandra positions and a search radius that was large enough 
to include the position of the IGR source (several arcminutes 
in most cases as given in Table |2). We then searched for 

11 See http://simbad.u-strasbg.fr/simbad 



multi-wavelength counterparts to the 18 Chandra sources in 
catalogs using the VizieR databaseQ This search included all 
of the ^10,000 available multi-wavelength catalogs, and we 
used the Chandra positions and a search radius of 2". This led 
to many identifications at optical, IR, and, in a couple cases, 
radio wavelengths. The search included the Wide-field In- 
frared Survey Explored (WISE) catalog with measurements 
at 3.4, 4.8, 10.2, and 23.68 /im (L, M, N, and 0-bands, respec- 
tively). 

The 2MASS K s -bwd images are shown for the 18 Chan- 
dra sources in Figure [2] with the Chandra positions marked. 
In 14 cases, the Chandra positions lie on near-IR sources 
and are marked with white circles. Eleven of these near- 
IR sources are in the 2MASS catalog. For the other three 
(CXOU J124846.4-623743, CXOU J133935.8-642537, and 
CXOU J 133959.2-642444, which are labeled as 4a, 5a, 
and 5b in the Figures and Tables, the Chandra positions 
fall on blended or possibly blended near-IR sources. In 
four cases (CXOU J153658.6-510221, CXOU J154140.5- 
502848, CXOU J161728.2-502242, and CXOU J161720.6- 
502415, which are labeled as 7, 9b, 10a, and 10b in the Fig- 
ures and Tables), the Chandra positions, which are marked 
with black circles, do not fall in locations with any apparent 
near-IR emission. 

In some cases, our multi-wavelength search confirms pre- 
viously suggested counterparts, and these are discussed in 
§4.1. We obtained new multi-wavelength counterparts with 
the Chandra positions and the VizieR search described above 
for nine sources, and they are listed in Tableland discussed 
in Section 4.2. While the table includes the optical/IR mag- 
nitudes, we converted these to fluxes[3, and the spectral en- 



12 See http://webviz.u-strasbg.fr/viz-bin/VizieR 

13 See http://irsa.ipac.caltech.edu/Missions/wise.html 

14 For cases where fluxes are not given 
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TABLE 5 
Comparison to INTEGRAL Fluxes 
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-11.34 


J154126.4-502823 (9a) 
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-14.60 (2.83) 
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Inconsistent 
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"The base-10 logarithm of the 2(M10 keV INTEGRAL flux reported for the source in Bird et al. (2010). Sources with evidence for 20-40 keV variability are 
indicated with a "V" in parentheses. 
b Minimum 20^10 keV flux extrapolated from the Chandra spectrum using the value of the photon index (T) indicated. 
c Maximum 20-40 keV flux extrapolated from the Chandra spectrum using the value of the photon index (r) indicated. 




FIG. 2. — 2MASS Xj-band images for the 18 Chandra sources that are candidates for being counterparts to the IGR sources. For each image, North is up, and 
East is to the left. The images are approximately 4()"-by-40". The white and black circles mark the Chandra positions, and they are 1" in radius. The labels 
correspond to the sources as follows: 1=IGR J01545+6437, 2=IGR J03103+5706, 3=IGR J09189-4418, 4a=IGR J12489-6243 (candidate a), 4b=IGR J12489- 
6243 (candidate b), 5a=IGR J13402-6428 (candidate a), 5b=IGR J13402-6428 (candidate b), 6=IGR J15293-5609, 7=IGR J15368-5102, 8=IGR J15391- 
5307, 9a=IGR J15415-5029 (candidate a), 9b=IGR J15415-5029 (candidate b), 10a=IGR J16173-5023 (candidate a), 10b=IGR J16173-5023 (candidate b), 
11=IGR J16206-5253, 12=IGR J 164 13^1046, 13=IGR J16560-4958. and 14=IGR J21565+5948. 
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ergy distributions (SEDs) are shown in Figure [3] We fitted 
each SED with a blackbody with extinction to provide a rough 
characterization of its shape. Although none of the \ 2 values 
for the fits are formally acceptable, the fits show whether the 
SEDs are similar to a blackbody, as might be expected for a 
star, or if they have long-wavele ngth excesses, as might be ex- 
pected for an AGN (lElvis et al.lll994l) . The spectral model ac- 
counts for interstellar extinction using the an alytical approxi- 
mation of ICardelli. Clayton & Mathis (1989). The three free 
parameters in the fits are the blackbody temperature, the ratio 
of the blackbody radius to the source distance, and the number 
of magnitudes of extinction in the V-band {Ay). 

4. SPECIFIC RESULTS AND DISCUSSION FOR EACH ICR SOURCE 

4. 1 . Confirmations of Previously Suggested Identifications 

IGR J01545+6437: The position of the Chandra source 
CXOU JO 15435. 2+643757 (1) is consistent with that of 
LED A 166414, which was previously suggested as the coun- 
terpart of the IGR source (Maset ti et al.l 120101) . Based on 
an optical spectrum, this source is identified as a S eyfert 2 
AGN at a redshift of z = 0.0355 dMasetti et alj|2010l) . While 
the Chandra position confirms the previous identification, the 
spectral parameters reported in Table |3](A^h = (O.O^qq) x 10 22 
cm" 2 , T = -0.40!j] 59) are atypical for a Seyfert 2 in that the 
column density is lower and the power-law index is harder 
than expected. We refitted the Chandra spectrum with the 
power-law index fixed to a value of V = 1.8, which is typical 
for AGN, and we obtain N H = (1.8! J) x 10 22 cm" 2 . While 
these values are consistent with what is expected for a Seyfert 
2 AGN, the C-statistic for this fit is 203.2 compared to 177.4 
when r was left as a free parameter. Using goodness to de- 
termine the percentage of simulated spectra with a fit statistic 
less than that obtained for the data gives a value of 99.5%, in- 
dicating that the fit with T fixed is poor. We conclude that the 
X-ray spectrum of this source may be unusual for a Seyfert 
2 AGN, but we caution that the spectrum only includes ^30 
counts. It would be useful to obtain a higher quality X-ray 
spectrum in the future. For example, if a strong iron line is 
present, it could be causing the atypical value of V. 

IGR J09 189^41 8: The position of the Chandra source 
CXOU J091858. 8-441830 (3) is consistent with that of 
2MASX J09185877-4418302, which was previously sug- 
gested as the coun terpart of the IGR source based on a 
Swift/XKT position ( Landi et a l. 2010a). Given t hat it is an 
extended source in the near-IR. lLandi et al.l d2010a) suggested 
that the source is probably an AGN. Our measurement of 
Nh = (4.6^3) x 10 22 cm" 2 suggests that the source may be 
a Seyfert 2. 

IGR J2 1565+5948: The position of the Chandra source 
CXOU J2 15604.2+595604 (14) is consistent with that of 
2MASS J21560418+5956045, which was previously sug- 
gested as the coun terpart of the IGR source based on a 
Swift/XKT position (Landi et alJl2010cT) . This source is also 
in the ROSAT catalog as 1RXS J2 15604.4+595607. Follow- 
up optical spectroscopy h as shown that it is a Seyfert 1 AGN 
at a redshift of z = 0.208 dBikmaev et alj|2010h . 

4.2. Sources of Previously Unknown Nature with Chandra 

Counterparts 

4.2.1. IGR J03 103 +5706 

CXOU J03 1010.6+5707 12 (2): This source is listed in 
the 2MASS and WISE catalogs. In the SED, Figure [3] the 



near-IR points are well-described by a blackbody, but the 
10 WISE point is far from the blackbody. We also ob- 
tained fl-band images of the field of IGR J03 103+5706 on 
the 2.4 m Hiltner telescope of the MDM Observatory on 
2011 J anuary 13 UT The Ohio- State Multi-Object Spectro- 
graph (Ma rtini et al.l 1201 Th was used in imaging mode, giv- 
ing a scale of 0."273 pixel" 1 on a University of Arizona 
Imaging Technology Laboratory 4064 x 4064 CCD. Five ex- 
posures of 300 s were reduced and combined using stan- 
dard methods; a portion of the resulting image centered on 
CXOU J031010.6+570712 is shown in Figure g] The see- 
ing was l."l. A faint optical counterpart in coincidence 
with the X-ray candidate has position R.A.=03 h 10 m 10. s 55, 
Decl.=+57°07'12."1 (J 2000.0) measured with respect to the 
USNO-B1.0 catalog dMonet et all 120031) . The curve-of- 
growth from aperture photometry is shown in Figure which 
clearly shows the object to be extended in comparison with 
the stellar point-spre ad funct i on (P SF). The photometry was 
calibrated using the lLandoltl £l992) group of standard stars 
around RU 149. We measure R = 22.30 ±0.11 in a 3."3 ra- 
dius aperture, which includes all of the detectable light from 
this apparent galaxy. The extended nature of the source and 
the 10 fim excess likely indicate that the source is an AGN. 

It should also be noted that CXOU J03 1010.6+5707 12 is 
not the same source that was previously sug gested as a pos- 
sible counterpart to IGR J03 103+5706 by Maiorano et al. 
d201 ll) . The other candidate was selected for being an ex- 
tended near-IR source (2MASX J03095498+5707023) with 
a radio counterpart (and therefore and AGN candidate) in 
the INTEGRAL error circle. Although our wavdetect 
source detection procedure did not detect a Chandra source 
at the location of the 2MASX source, there are three ACIS 
counts within 3" of the 2MASX source. Given the back- 
ground rate estimate of 0.23 s" 1 in a circular region with 
a 3" radius, 3 counts corresponds to a detection at the 
99.8% confidence (2.9-er) level. Even if this is a true detec- 
tion, CXOU J031010.6+570712is significantly brighter (17.4 
counts), but it still raises some uncertainty about which source 
is the correct counterpart. This is especially true because 
IGR J03 103+5706 was only detected by INTEGRAL during 
one satellite revolution (Bir d et all 120101) . and its long-term 
X-ray behavior is unknown. 

4.2.2. IGR J 12489-6243 

CXOU J124846.4-623743 (4a): Although this source is not 
clearly resolved from a nearby source in the 2MASS images, 
it becomes resolved in the GLIMPSE images. The positive 
slope of the two GLIMPSE points is consistent with a black- 
body, but other models are certainly not ruled out. In X-rays, 
the source has the hardest best fit photon index of any of our 
Chandra candidates, T = -0.83^ 5g, and the upper limit on the 
column density (7Vh < 1 .2 x 10 22 cm" 2 ) is slightly less than the 
Galactic 7Vh along this line of sight. The properties strongly 
suggest a Galactic origin, but the precise nature is unclear. 
In addition, INTEGRAL detected hard X-ray variability from 
IGR J 12489-6243 (see Table©, which would also not be sur- 
prising for a Galactic source. The most likely possibilities for 
the classification are that the source is a CV or a HMXB (an 
LMXB is unlikely because they typically have softer X-ray 
spectra). 

CXOU J124905.3-624242 (4b): This is a bright optical and 
IR source that is present in many of the catalogs. The SED 
shown in Figure[3]can be approximately described by a black- 
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TABLE 6 

Optical/Infrared/Radio Identifications 



Catalog^ 


Separation^ 




Magnitudes 








IGR J03103+5706/CXOU J031010.6+570712 (2) 


2MASS 


0."47 


J= 16.82±0.15 


#=15.53±0.12 


Ks = 14.72 ±0.10 






WISE 


0."44 


L= 13.670 ±0.041 


M= 13.261 ±0.042 


10.417 ±0.246 




0> 8.348 


IGR I12489-6243/CXOU J 124846.4-623743 (4a) 


GLIMPSE 


0."40 


m 36 = 14. 130 ±0.073 


m 45 = 14.031 ±0.107 








IGR I12489-6243/CXOU 1124905.3-624242 (4b) 


USNO-A2.0 


0."76 


fl=19.1±0.5 


R= 15.5±0.5 








USNO-B1.0 


0."35 


R, = 15.21 ±0.3 


B 2 = 19.41 ±0.3 


R 2 = 16.01 ±0.3 


/ 


= 13.85±0.3 


NOMAD 


0."35 


B= 17.77 ±0.3 


V= 16.52±0.3 








GSC 2.3.2 


0."08 


R = 15.42 ±0.43 


V = 16.59 ±0.46 


/= 13.14±0.44 






UCAC3 


0."12 


V = 16.351 ±0.438 










2MASS 


0."08 


J= 10. 122 ±0.026 


H = 9.090 ±0.022 


K s = 8.675 ±0.024 






GLIMPSE 


0."15 


m 3 . 6 = 8.256 ±0.035 


m 4 5 = 8. 161 ±0.027 


m 5 . 8 = 8.070 ±0.019 


^8.0 


= 8.015±0.017 


DENIS 


0."31 


1= 13.26 ±0.02 


J= 10. 14 ±0.07 


K= 8.54 ±0.07 






WISE 


0."18 


L = 8.237 ±0.023 


M= 8. 120 ±0.022 


N = 8.588 ±0.382 




O > 3.628 


IGR J15293-5609/CXOU 1152929.3-561213 (6) 


HST GSC 


0." 14 


V = 13.00 ±0.28 










USNO-B1.0 


l."32 


B 2 = 12.46 ±0.3 


R 2 = 10.24 ±0.3 








NOMAD 


0."25 


B = 13.13±0.3 


V= 12.27 ±0.3 








GSC 2.3.2 


0."21 


R = 11.45 ±0.42 


B= 13.11 ±0.40 


/= 10.32 ±0.36 






UCAC3 


0."25 


V = 11. 732 ± 0.045 










2MASS 


0."19 


J = 9.620 ±0.026 


H = 8.962 ±0.022 


K s = 8.747 ±0.024 






GLIMPSE 


0."20 


m 36 = 8.650 ±0.054 


m 4 . 5 = 8.726 ±0.043 


m 5 . 8 = 8.571 ±0.037 


m 8 .o 


= 8.462 ±0.031 


DENIS 


0."25 


1= 10.62 ±0.08 


J = 9.54 ±0.06 


A"= 8.71 ±0.06 






DENIS 


0."26 


1= 10.70 ±0.05 


J = 9.59 ±0.05 


/<:= 8.74 ±0.07 






SOGSj. 


0".34 


V= 13.00±0.3 


B= I3.60±0.3 








wise" 


0."23 


L = 8.610 ±0.028 


M= 8.794 ±0.029 


N = 8.718 ±0.099 




O > 8.059 


IGR J15391-5307/CXOU 1153916.7-530815 (8) 


2MASS 


0."30 


J= 14.946 


H = 13.946 ±0.081 


ft = 12.990 ±0.067 






MGPS 


0."62 


Ss43MHz = 15.1 ±1.5 mJy 










DENIS 


0."63 


7= 15.41 ±0.16 


K= 13.06 ±0.15 








WISE 


0."50 


£=11.819 ±0.055 


M= 11.072 ±0.039 


N = 7.512 ±0.022 


= 


4.829 ±0.025 


IGR I15415-5029/CXOU J154126.4-502823 (9a) 


USNO-A2.0 


0."49 


B= 14.9 ±0.5 


R= 13.9±0.5 








USNO-B1.0 


0."69 


R] = 13.88±0.3 


B 2 = 14.73 ±0.3 


R 2 = 13.29 ±0.3 


/ 


= 11.09 ±0.3 


NOMAD 


0."69 


B= 14.73 ±0.3 


V= 16.23 ±0.3 








GSC 2.3.2 


0." 14 


R= 15.51 ±0.45 


B= 16.46±0.51 


V = 17.49 ±0.62 


/ = 


= 12.30 ±0.45 


2MASS 


0."20 


J= 13.537 ±0.053 


H = 12.594 ±0.058 


ft = 12.029 ±0.051 






2MASX 


0."61 


Jmt = 11. 947 ±0.097 


H«t = l 1.380 ±0.100 


ft.ext = 11.009 ±0.095 






DENIS 


0." 14 


1= 15.52 ±0.04 


/= 13.51 ±0.07 


A - = 12.05 ±0.10 






WISE 


0."17 


L= 11.296 ±0.034 


M= 10.755 ±0.029 


N = 7.229 ± 0.020 


= 


4.527 ±0.027 


IGR I16206-5253/CXOU 1161955.4-525230 (11) 


2MASS 


0."21 


J= 14.701 


H= 13.749 


ft = 14.183 ±0.124 






GLIMPSE 


0."24 


m 4 . 5 = 12.877 ±0.153 










IGR 116413^1046/CXOU 11641 19.4-404737 (12) 


2MASS 


0."19 


J= 15.400 


H = 15.081 ±0.115 


ft = 13.974 ±0.066 






WISE 


0."24 


L= 12.599 ±0.107 


M= 11. 436 ±0.059 


N = 8.482 ±0.040 


= 


6.460 ±0.066 


IGR J16560-4958/CXOU J165551.9-495732 (13) 


GSC 2.3.2 


0."29 


R= 17.04 ±0.43 


B= 19.24 ±0.41 


/= 15.75 ±0.36 






2MASS 


0."16 


J= 14.682 ±0.087 


H= 13.754±0.109 


ft = 12.930 ±0.058 






DENIS 


0."40 


1= 16.51 ±0.08 


J= 14.48±0.12 


ST=12.64±0.16 






DENIS 


0."51 


7 = 17.10zb0.ll 


/= 15.04±0.13 


K= 13. 17 ±0.17 






WISE 


Q."20 


L=l 1.507 ±0.035 


M= 10.755 ±0.030 


N = 8.471 ±0.033 


= 


6.423 ±0.071 



a The catalogs are the 2 Micron All-Sky Survey (2MASS and 2 MASX, Cutri et al. 2003), the Deep Near Infrared Survey of the Southern Sky (DENIS), the 
United States Naval Observa tory (USNO-B1.0 and USNO-A2.0, Monet 1998; Monet et al. 2003), the Naval Observatory Merged Astrometric Dataset (NO- 
MADjZacharias et al. 2005), the Guide Star Catalog (GSC 2.3.2, Lasker et al. 2008j), the Third U.S. Naval Observatory CCD Astrograph Catalog (UCAC3, 
Zacharias et al. 2009J), the Galactic Legacy Infrared Mid-Pl ane Survey Extra ordinaire (GLIMPSE), the Wide-field Infrared Sur vey Explorer catalog (WISE, 
Cutri etal.1120 1 11) , the HST Guide Star Catalog (HST GSC, Lasker et al. 1996), the Sydney O bservatory Galactic Survey (SOGS,|Fresneau, Vaughan &~Argvlel 
2007), and the Second Epoch Molonglo Galactic Plane Survey (MGPS-2 JMurphv et alJ2007l) . 

b The angular separation between the Chandra position and the catalog position. 

c Also, gives parallax as 0.64 ± 0.05 milliarcseconds, which corresponds to a distance of 1 .56 ± 0. 12 kpc. 
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FIG. 3. — Optical/IR spectral energy distributions (SEDs) for the sources in Table[6] The fluxes shown are not corrected for extinction. For sources with more 
than three data points, the SEDs were fitted with a blackbody with extinction to determine whether they are consistent with a blackbody shape. 
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FIG. 4.— R-band image in the field of IGR J03 103+5706 from the MDM 
Observatory 2.4m Hiltner telescope in 1 ." 1 seeing . The circle of radius 3 ." 3 
is centered on the X-ray coordinates of CXOU J031010.6+570712 (2) and 
was used to measure the magnitude, R = 22.30 ±0.11, for the extended (see 
Figure[5J optical counterpart. 



. CXOU J031010. 6 + 570712 Aperture Photometry . 




PSF 



1 2 3 4 5 

Radius (arcsec) 

FIG. 5. — Aperture photometry of the extended optical counterpart of 
CXOU J031010.6+570712 (2) in Figure @] The curve-of-growth is broader 
than that of a PSF star. The two curves are normalized at the smallest aperture 
used. 

body. Although there are significant deviations from a black- 
body, there is no excess in the IR (e.g., below ~10 14 Hz in 
the L through (9-bands). It is likely that the optical/IR SED 
is dominated by emission from a star and that the source is 
Galactic. For this source, Figure [3] shows the best fit values 
of Ay ~ 13 and T ~ 100,000 K. However, these two param- 
eters are strongly correlated, and the temperature is as low as 
3000 K for Ay = 6, for example. The currently available infor- 
mation does not allow us to rule out this level of extinction. 
The X-ray spectral parameters are poorly constrained, but the 
column density (A^h = (4.2^ 9) X 10 22 cm~ 2 ) either suggests 
that the source is at a relatively large distance or that it has 
some level of intrinsic absorption. However, it is important 
to keep in mind that the softness of the power-law compo- 
nent makes this source less likely than candidate 4a to be the 
counterpart to the IGR source. 

4.2.3. IGR Jl 3402-6428 



which is a large enough difference to make the Chan- 
dra/2MASS association unlikely. The /T s -band magnitude for 
the 2MASS source is 12.53 ±0.03, and a better near-IR image 
is needed to constrain the level of near-IR emission from the 
Chandra source. 

CXOU J133959.2-642444 (5b): This Chandra source falls 
between two K s ~ 14 stars. The Chandra position is >3" 
from both of these stars, ruling out an association with either 
of them, and a better near-IR image is needed to determine if 
there is a fainter near-IR source between the two stars. 

4.2.4. IGR J 15293-5609 

CXOU J152929.3-561213 (6): This is a bright optical 
and IR source that appears to be point-like. Its SED is 
well-constrained from the A^-band to the optical and is well- 
described by a blackbody with no evidence for an IR excess. 
The source appears in the Sydney Observatory Galacti c Sur- 
vey (SOGS) catalog (Fresneau, Vaughan & Argvle 2007), and 
this survey includes a parallax measurement for the source, in- 
dicating that it is at a distance of 1.56±0.12kpc. The fact that 
the X-ray column density is Nn = (3.4*2 3) x 10 21 cm" 2 , which 
is significantly below the Galactic column density along this 
line of sight (1.56 x 10 22 cm" 2 ) is consistent with a rela- 
tively nearby source. The 0.3-10keV X-ray luminosity is 
(1.4^;2)xl0 32 ergs _1 . 

In this case, it is possible to use the blackbody fit to the 
SED to constrain the spectral type of the star. From the mea- 
sured A^h value, we derive Ay = 1.5*}' 3 , using the relationship 
given in Giiver & Ozel (2009). At values of Ay corresponding 
to the minimum (0.5), the best estimate (1.5), and the maxi- 
mum (2.7), the blackbody temperatures are 4200, 5100, and 
7000 K, respectively. At a distance of 1.56 kpc, the blackbody 
radii for these three temperatures are 16.4, 14.5, and 12.0 R Q . 
The temperatures are consistent with the star being a K or a 
G-type giant, but the ra dii are more consistent with an early 
K-type giant dCoxll2000l) . Thus, we suggest that IGR J15293- 
5609 is a symbiotic system with a luminosity class III donor. 
Given the X-ray luminosity quoted above, the accretoris most 
likely to be a white dwarf. 

4.2.5. 1GRJ15368-5102 

CXOU J153658.6-510221 (7): No counterparts are present 
in any of the multi-wavelength catalogs at the Chandra posi- 
tion of this source. In addition, it is clear from the K s -bwd 
image (Figure |2]i that any near-IR counterpart must be below 
the 2MASS detection threshold. 

4.2.6. IGR Jl 5391-5307 

CXOU J153916.7-530815 (8): We previously reported on 
the Ch andra position and th e 2MASS association for this 
source (Tomsicket aD l2011al) . Based on the 2MASS mag- 
nitudes and the very high A^h from the X-ray spectrum, we 
concluded that the source probably has intrinsic absorption, 
which is possible either for an HMXB or an AGN (Seyfert 2). 
The new information we have obtained in this work is that the 
source is also a 15.1 ± 1.5 mJy radio source (see Table [6) as 
well as having a strong IR component with fluxes in N and 
(9-band that are orders of magnitude above the blackbody fit 
(see Figure|3]l. This strongly favors the AGN hypothesis, and 
this source is very likely a Seyfert 2 galaxy. 



CXOU J133935. 8-642537 (5a): The Chandra position 
for this source falls l."4 from 2MASS J13393589-6425363, 



4.2.7. IGR J 154 15-5029 
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FIG. 6. — R and /-band images for the field around CXOU J161728. 2-502242 (10a). The white circle marks the position of the Chandra source and has a radius 
of 1". The nearby optical source is 0."67 away in the USNO-A2.0 catalog and 0."93 away in the USNO-B1.0 catalog, which is margnially consistent with the 
Chandra position. The R and / magnitudes are both near 17. 



CXOU J154126.4-502823 (9a): This source is in the 
2MASS catalog of extended sources (2MASX J15412638- 
5028233), and the fact that it is extended is clear from 
Figure [2] It has also been id entified with the galaxy 
LEDA 3077397AVKK98 5204 JWoudt & Kraan-Kortewejd 
120011) . The SED in Figure [3] shows a strong IR excess 
with a rising flux all the way to the longest WISE wave- 
length ((9-band). In addition, this source is likely associated 
with the 77.3 ±2.9 m Jy radio source, MGPS J 154 126-502823 
(Murp hy et al.l l2007). Although the radio source is 2."2 from 
the Chandra position, the rms (68% confidence) uncertainty 
on the radio position is l."7 and l."9 in RA. and Decl., re- 
spectively. Thus, the Chandra and radio positions are con- 
sistent within errors that are only slightly larger than the l-cr 
level. This information all points to the source being an AGN, 
and it may be a Seyfert 1 since the column density is relatively 
low Nu < 1.1 x 10 22 cm" 2 . The large amount of scatter in the 
optical part of the SED may in dicate variability . We n ote that 
this source fits in well with the iMaiorano et all (1201 ll) efforts 
to identify AGN among IGR sources using the 2MASX and 
radio catalogs. 

CXOU J154140.5-502848 (9b): No counterparts are 
present in any of the multi-wavelength catalogs at the Chan- 
dra position of this source. In addition, it is clear from the 
K s -bwd image (Figure |2]i that any near-IR counterpart must 
be below the 2MASS detection threshold. Based on the X-ray 
information for this source (9b) and 9a, we argue that 9a is a 
much more likely candidate, and the fact that 9a is an AGN 
makes it even more strongly favored as being identified with 
IGR J15415-5029. 

4.2.8. IGR J 1617 3-5023 

CXOU J161728.2-502242 (10a): In this case, the catalog 
search was somewhat ambiguous. The closest 2MASS source 
is 4."2 away from the Chandra position, and the sources are 
clearly not associated (see also Figure|2]i. However, the search 
uncovered an optical source in the USNO catalogs that is 
only 0."67 away (in USNO-A2.0) and 0."93 away (in USNO- 
B 1 .0) from the Chandra position, and these might be asso- 



ciated. Figure [6] shows R and /-band images from the Dig- 
itized Sky Survey, and although the images are not of suffi- 
cient quality to be certain, the association appears to be plau- 
sible. In USNO-B1.0, the optical magnitudes of this source 
are B 2 = 18.15, R { = 17.02, R 2 = 17.08, and / = 17.14. In 
addition, the SIMBAD search showed that the Chandra po- 
sition is consistent with that of the soft X-ray (0.1-2.4keV) 
ROSAT source 1RXS J161728.1-502238. The photon in- 
dex measured by Chandra for this source is relatively hard 
T = 0.97+Q but the ^OSArdetection and the column density 
of A^h = (5.7+2 5) x 10 21 cm" 2 , which is significantly less than 
the Galactic column density of 1 .94 x 10 22 cm" 2 , indicate that 
the source is Galactic and that it may be relatively nearby. The 
optical counterpart, if it is truly associated with the source, as 
well as the possible iron line seen in the Chandra spectrum 
(see Table [3J are also consistent with the source being in the 
Galaxy. Due to the lack of a near-IR counterpart, the source is 
not an HMXB, but its hard X-ray power-law and its possible 
optical counterpart may suggest that it is a magnetic CV. 

CXOU J 16 1720.6-502415 (10b): While the closest 
2MASS source to this Chandra position is 7 ."3 away, the cat- 
alog search uncovered a closer source in the GLIMPSE cata- 
log. This IR source is 0."87 from the Chandra position, which 
is only marginally consistent given the 90% confidence Chan- 
dra position uncertainty of 0."64. Also, we note that for the 
Chandra sources that do have GLIMPSE counterparts given 
in Table|6] the separations are between 0."15 and 0."40. While 
we doubt this association, the Chandra spectrum allows for a 
very high column density, Nu = (2.2+j «) x 10 23 cm" 2 , which 
could suggest that the source is an obscured HMXB or a 
Seyfert 2 AGN. For both source types, an IR counterpart 
would be expected. However, due to the uncertainty on the A^h 
measurement and the marginal IR counterpart association, we 
are not able to narrow down the possibilities for this source. 

4.2.9. IGR J 16206-5253 

CXOU J161955. 4-525230 (1 1): This source appears in the 
2MASS and GLIMPSE catalogs. Although the 2MASS im- 
age (see Figure|2]i shows that it is blended with other sources, 
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there is no evidence that it is extended. There are only four 
points in the SED (see Figure[3]l, but it shows that the near-IR 
fluxes are consistent with a blackbody (but other models are 
certainly not ruled out). The source is not in the WISE cat- 
alog, so there is no evidence for an IR excess that could be 
the signature of an AGN. Thus, we suspect that the source is 
Galactic, but the X-ray and multi- wavelength information do 
not provide any further hints to the nature of this source. 

4.2.10. IGRJ16413^t046 

CXOU J1641 19.4-404737 (12): Previously, Swift/XRT ob- 
served the IGR J 164 13-4046 fiel d, and the presence of a sof t 
X-ray counterpart was reported (Landi et al.l 1201 Obi 1201 ll) . 
The position of the Chandra source is consistent with the 
Swift source, and the refined Chandra position has provided 
a 2MASS identification (see Tom sick et alj 120 lTR and Ta- 
ble|6]l. The absorbed 2-10 keV flux measured by Swift in 201 1 
January is 1.4 x 10~ 12 erg cm" 2 s" 



dra measurement is (1.7 ± 0.5) x 10 I2 ergcm 2 s 



and our 201 1 May Chan- 
which is 

consistent with no soft X-ray variability between these two 
observations. The SED (Figure [3) is not well-described by a 
blackbody. There is a strong IR excess based on the WISE 
fluxes, and it appears that the SED has approximately a bro- 
ken power-law shape (although it should be noted that the 
SED is not corrected for extinction). The SED suggests a 
non-thermal origin to the emission, which could indicate a jet 
from an AGN or an X-ray binary. The lack of variability may 
suggest that an AGN is more likely. Also, if the marginally- 
detected 5 keV emission line is real, then this would make 
the AGN possibility certain. For X-ray spectral fits with and 
without the emission line, the column density significantly ex 
ceeds the Galactic value of Nh 
source is an AGN, it is likely a Seyfert 2. 



4.1 x 10 2I cm" 2 . Thus, if the 
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FIG. 7. — Summary plot showing the absorbed 2-10keV fluxes vs. the 
Xj-band magnitudes for the Chandra sources. The source types are A 
= AGN, G = Galactic, CV = Cataclysmic Variable, and ? = Unknown. 
A question mark after one of the source types indicates some uncertainty 
about that identification. The dotted box shows the region where the 
eight AGN or likely AGN lie. The dashed lines mark constant values of 
log ( fx Ifn. ) equal to -1, , and 1, and allow for comparison to the AGN 
studied by Watanabe et al. 12004). The labels correspond to the sources 
as follows: 1=IGR J01545+6437, 2=IGR J03103+5706, 3=IGR J09189- 
4418, 4a=IGR J12489-6243 (candidate a), 4b=IGR J12489-6243 (candi- 
date b), 5a=IGR J13402-6428 (candidate a), 5b=IGR J13402-6428 (candi- 
date b), 6=IGR J15293-5609, 7=IGR J15368-5102, 8=IGR J15391-5307, 
9a=IGR J15415-5029 (candidate a), 9b=IGR J15415-5029 (candidate b), 
10a=IGR J16173-5023 (candidate a), 10b=IGR J16173-5023 (candidate b), 
11=IGR J16206-5253, 12=IGR J16413^046, 13=IGR J16560-4958, and 
14=IGR J21565+5948. 



4.2.11. IGR J '16560^f958 

CXOU J 16555 1.9-495732 (13): The SED for this source 
is very similar to CXOU J1641 19.4-404737 with an IR ex- 
cess and a broken power-law shape. Although a detailed 
modeling of the SED is beyond the scope of this paper, the 
apparent curvature in the optical part of the SED (see Fig- 
ure [3} may be due to extinction. This source has the high- 
est Chandra count rate of any source in our study, and we 
obtained a relatively good constraint on the column density, 
A^h = (2.3^ g) x 10 22 cm" 2 , which is significantly above the 
Galactic value of A^h = 3.5 x 10 21 cm" 2 . This source may be a 
Seyfert 2 AGN, but it was recently selected as a blazar candi- 
date b ased on its IR colors in the WISE catalog (Massaro et al. 
120121) . Although lMassaro et ail (120121) did not have a soft X- 
ray position for IGR J16560-4958, we confirm that the WISE 
counterpart they identified is the same one that we identified 
in Table [6] 

4.3. IGR Sources Without Likely Candidate Counterparts 

For four of the IGR sources, the Chandra observations do 
not result in any candidate counterparts that stand out from 
the general X-ray source population. One of these sources, 
IGR J21 188+4901, was f ound to be highly variable from the 
INTEGRAL observations (Bir d et al.ll2010l) . The source was 
classified as one of the sources having v ariability by more 
than a factor of four, and [Bird et al.] (12010b report a peak 20- 
40keV flux of 4.5 ± 1.3mCrab and an average 20-40 keV 
flux of <0.2mCrab, indicating a difference by a factor of 



>16. Thus, this source appears to be a transient. In ad- 
dition, IGR J04069+504 2 and IGR J06552-1 146 are classi- 
fied in iBird et aD (120101) as being variable by factors of be- 
tween 1.1 and 4. While these relatively small factors do 
not prove that these sources are transients, the variability is 
likely the reason that no bright source was detected by Chan- 
dra. IGR J220 1 4+6034 is not indicated as being variable in 
IBird et all (120101) . If soft X-ray counterparts are identified in 
the future (e.g., during outbursts from the variable or transient 
sources), the tables of detected sources given in Appendix A 
will be useful for understanding their long-term X-ray behav- 
ior. 

5. SUMMARY AND CONCLUSIONS 

While we expect follow-up observations, especially optical 
and near-IR spectroscopy, to provide definite identifications 
of the nature of many of these sources, the Chandra observa- 
tions have allowed us to determine the nature of some of the 
IGR sources as well as providing Chandra counterpart iden- 
tifications for 14 of the 18 sources. A summary is provided in 
Table|7] indicating that four of the IGR sources show definite 
or very strong evidence for being AGN. IGR J01545+6437 
and IGR J2 1565+5948 both have redshift measurements, IGR 
J15391-5307 has a strong IR excess and radio emission, and 
IGR J 154 15-5029 is identified with the Galaxy WKK98 5204 
(2MASX J15412638-5028233). IGR J15415-5029 is one 
of the IGR sources for which we considered two Chandra 
candidate counterparts (9a and 9b), but we strongly sus- 
pect that 9a is the correct counterpart. Four other sources 
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TABLE 7 

Summary of results for the IGR Sources 





Remaining Chandra 






IGR Name 


Candidate Counterparts 


Source Type 


Evidence 


JO 1545+6437 


CXOU J015435.2+643757 (1) 


AGN 


LEDA 166414, z = 0.0355 


J03 103+5706 


CXOU J031010.6+570712 (2) 


AGN? 


IR excess, Optical extension 


J04069+5042 


— 


— 


— 


J06552-1 146 


— 


— 


— 


J09 189^14 18 


CXOU J091858.8^141830 (3) 


AGN? 


2MASX J09185877^1418302 


J12489-6243 


CXOU J 124846.4-623743 (4a) 


Galactic? 


SED slope, Hard X-ray spectrum 




CXOU J124905.3-624242 (4b) 


Galactic 


Blackbody SED 


J 13402-6428 


CXOU J133935. 8-642537 (5a) 


9 


— 




CXOU J133959.2-642444 (5b) 


? 


— 


J 15293-5609 


CXOUJ152929.3-561213 (6) 


Galactic" 


Parallax, Blackbody SED 


J15368-5102 


CXOUJ153658.6-510221 (7) 


? 


— 


J15391-5307 


CXOUJ153916.7-530815 (8) 


AGN 


Radio emission, IR excess 


J 154 15-5029 


CXOU J 154 126.4-502823 (9a) 


AGN 


2MASX J15412638-5028233, WKK98 5204 


J16173-5023 


CXOU J161728. 2-502242 (10a) 


CV? 


Low Nh, Optical counterpart? 




CXOU J161720.6-502415 (10b) 






J16206-5253 


CXOU J161955.4-525230 (11) 


Galactic? 


SED slope 


J16413^1046 


CXOU J 164 11 9.4^104737 (12) 


AGN? 


IR excess, 5 keV Fe line? 


J16560-4958 


CXOU J165551.9^495732 (13) 


AGN? 


IR excess 


J21 188+4901 




Transient 




J2 1565+5948 


CXOU J215604.2+595604 (14) 


AGN 


z = 0.208 


J22014+6034 









"Based on the optical/IR spectral energy distribution and the X-ray luminosity, we suggest that this source is a symbiotic binary with an early K-type giant 
donor and a white dwarf accretor. 



(IGR J03103+5706, IGR J09189-4418, IGR J16413^+046, 
and IGR J16560^1958) are likely AGN, and we label them 
as "AGN?" in Table [7] For these sources, the evidence is ex- 
tended optical or IR emission or an IR excess (or both fea- 
tures). 

The remaining six IGR sources for which we obtained 
one or two possible Chandra identifications may be Galac- 
tic sources. If the identification of IGR J15293-5609 with 
CXOU J152929.3-561213 is correct, then this is a definite 
Galactic source based on a parallax measurement that puts it 
distance at 1.56 ±0.12 kpc. Furthermore, based on the tem- 
perature and radius inferred from a blackbody fit to its opti- 
cal/IR SED, it is likely a symbiotic binary with an early K- 
type giant donor, and its X-ray luminosity suggests a white 
dwarf accretor. IGR J16206-5253 has Chandra and near- 
IR counterparts, and we argue from its SED that it is likely 
Galactic. IGR J 12489-6243 and IGR J16 173-5023 may be 
Galactic; however, there are still two possible Chandra coun- 
terparts for each source, and, in each case, there is some un- 
certainty about the nature of at least one of the counterparts. 
Once the nature of each of the Chandra counterparts is de- 
termined via follow-up measurements, it should become clear 
which counterpart is the most likely to be able to produce the 
hard X-ray emission detected with INTEGRAL. IGR J15368- 
5102 has a Chandra counterpart, and IGR J 13402-6428 has 
two possible Chandra counterparts. However, the natures of 
these sources are still unclear. 

Figure [7] shows a plot of the /^-magnitudes and the ab- 
sorbed 2-10keV X-ray fluxes for the Chandra counterparts. 
The eight AGN or likely AGN fall within a range of K s - 
magnitudes between 14.7 and 12.0 and within a range of X- 
ray fluxes between 2.5 x 10~ 13 and 5.7 x 10~ 12 ergcm" 2 s _1 . 
We compare these ranges to a previous stu dy of AGN se- 
lected by 2-10keV fluxes measured by ASCA. Watanabe et al. 
(2004) show a similar K s vs. 2-10keV X-ray flux for -TOO 
ASCA detected AGN, and plot lines of constant log(/x/ 7k). 



They find that the ASCA AGN mostly fall between values 
of iog(fx / /k s ) and 1, and Figure [7] shows that five of our 
AGN or likely AGN (2 , 3, 12, 13, and 14) fall in that range. 
I Watana be et al. (200J) also included a sample of Chandra 
AGN in their study, and a significant fraction of those AGN 
have log ( fx //k s ) values ranging from -1 to 0. Three of our 
AGN (1, 8, 9a) fall in this range. Thus, we conclude that the 
near-IR and X-ray fluxes that we find for our AGN are fairly 
typical. 

Galactic sources are not expected to be well-localized in a 
near-IR/X-ray flux plot, and Figure [7] shows that our Galac- 
tic or potentially Galactic sources are spread throughout the 
plot. The two sources with well-measured blackbody spectra 
are in the near-IR-bright/X-ray-faint corner of the diagram. 
The rest of these are relatively faint in the near-IR but have 
a wide range of 2-10keV X-ray fluxes. We have identified 
IGR J 15293-5609 (6) as a likely symbiotic binary with an 
early K-type giant donor and a white dwarf accretor. For 5a, 
7, 10a, and 10b, higher angular resolution or deeper images 
are necessary to obtain optical/IR counterparts. For 4a, 4b, 
5b, and 11, optical or near-IR spectra of the counterparts iden- 
tified in this work are likely to lead to a determination of the 
source type. 
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at CDS, Strasbourg, France. We also acknowledge the use of 
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APPENDIX 

Appendix A 

IGR J04069+5042, IGR J06552-1 146, IGR J21 188+4901, and IGR J22014+6034 are the cases where the candidate counter- 
parts did not clearly stand out from the general population of X-ray sources. However, it is still possible that one of the detected 
Chandra sources is the correct counterpart, and we provide the full lists of sources detected within the ACIS-I fields-of-view using 
wavdetect in Tables l8ll9l[T0l andfTTI The ACIS counts reported in the tables are for the full 0.3-10keV energy band, and we 
used the same methods described in § 3.1 to determine the source apertures and the background regions. For each wavdetect 
source, we used Poisson statistics t o determin e the de tection significance, and we did not include sources with significances lower 
than ~ 1 .2-cr. Using simulations, Hong et aT] (12005b determined an empirical formula for determining Chandra position uncer- 
tainties that depends on the number of counts detecte d and the o f f-axis angle. For each source, we include the 95% confidence 
position uncertainties calculated using Equation 5 of Hong et al] (120051) . The hardness ratios are also included in the tables for 
sources with five counts or more. We obtained optical observations of some of the Chandra sources in these fields, and the results 
will be presented in Ozbey Arabaci et al. (2012, to be submitted). 
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TABLE 8 

Chandra CANDIDATE COUNTERPARTS TO ICR J04069+5042 



Source 


e L 


Chandra R.A. 


Chandra Decl. 


ACIS 


Position 




Number 


(arcminutes) 






(J2000) 


Counts b 


Uncertainty'' 


Hardness d 


1 


0.28 


U'-H UO Jt 


30 


+50°41'53."0 


5.4 


0."53 


-0.07 ± 0.78 


2 


2.80 


U*+ UO *4-o 


fSQ 
.o j 


+50°39'31."2 


3.4 


l."17 




3 


3.19 


04 h 06 m 43 s 


.99 


+50°44'46."2 


5.4 


l."02 


-1.19 ± 1.10 


4 


4.70 


04 h 06 m 25 s 


.94 


+50°41'21."1 


5.5 


l."78 


-0.64 ±0.95 


5 


5.76 


04 h 07 m 17 s 


.11 


+50°46'42."9 


3.5 


3. "97 




6 


5.82 


04 h 06 m 58 s 


.87 


+50°47'54."8 


3.5 


4."07 




7 


6.35 


04 h 06 m 15 s 


.91 


+50°40'49."8 


3.5 


5. "08 




8 


6.45 


04 h 07 m 07 s 


.51 


+50°48'16."1 


6.5 


3. "08 


+0.54 ±0.80 


9 


6.85 


04 h 07 m 34 s 


.23 


+50°45'04."5 


13.3 


2."03 


+0.73 ±0.53 


10 


7.63 


04 h 06 m 45 s 


.95 


+50°34'37."7 


4.3 


6."97 




11 


8.58 


04 h 06 m 48 s 


.17 


+50° 50' 37. "5 


10.3 


4." 33 


-0.13±0.55 


12 


9.16 


04 h 05 m 59 s 


.00 


+50°44'17."3 


3.3 


15. "80 




13 


9.54 


04 h 07 m 38 s 


.06 


+50°35'25."6 


24.3 


2." 89 


-1.21 ±0.43 



"The angular distance between the center of the INTEGRAL error circle, which is also the approximate Chandra aimpoint, and the source. 
b The number of ACIS-I counts detected (after background subtraction) in the 0.3 -10 keV ban d. 

c The 95% confidence statistical uncertainty on the position using Equation 5 from Hong et al. 12005). This does not include the systematic pointing error, which 
is 0."64 at 90% confidence and 1" at 99% confidence. 
d The hardness is given by (C2 — Ci)/(C2 +Ci), where Ci is the number of counts in the 2-10 keV band and C\ is the number of counts in the 0.3-2 keV band. 



TABLE 9 

Chandra CANDIDATE COUNTERPARTS TO ICR J06552-1 146 



Source 




Chandra R.A. 


Chandra Decl. 


ACIS 


Position 




Number 


(arcminutes) 


(J2000) 




(J2000) 


Counts' 3 


Uncertainty' 


Hardness d 


1 


2.99 


06 h 55 m ll s 


.78 


-11°49'09."6 


2.4 


l."61 




2 


3.03 


06 h 54 m 58 s 


.66 


-11°45'02."0 


3.4 


l."28 




3 


3.33 


06 h 55 m 23 s 


.65 


-11°46'01."1 


13.4 


0."68 


-0.62 ±0.46 


4 


3.34 


06 h 55 m 20 s 


.25 


-11°48'25."3 


5.4 


l."07 


+0.68 ±0.89 


5 


3.43 


06 h 54 m 56 s 


.31 


-11°45'34."6 


2.4 


l."93 




6 


3.65 


06 h 55 m 04 s 


.35 


-11°42'49."5 


5.4 


l."20 


+0.31 ±0.80 


7 


3.67 


06 h 55 m 24 s 


.51 


-11°45'11."9 


3.4 


l."66 




8 


3.96 


06 h 55 m 05 s 


.48 


-11°42'24."2 


2.4 


2." 44 




9 


4.10 


06 h 54 m 57 s 


.70 


-11°43'26."2 


2.5 


2."52 




10 


4.15 


06 h 54 m 58 s 


.31 


-11°49'11."3 


8.5 


l."09 


-0.75 ±0.70 


11 


4.43 


06 h 55 m 02 s 


.70 


-11°50'14."6 


7.5 


l."30 


+0.35 ±0.67 


12 


4.63 


06 h 55 m 05 s 


.95 


-11°41'40."8 


8.5 


l."29 


+0.90 ±0.74 


13 


5.03 


06 h 55 m 24 s 


.96 


-11°49'40."2 


9.5 


l."38 


-0.14 ±0.54 


14 


5.46 


06 h 55 m 04 s 


.96 


-11°51'30."6 


10.5 


l."50 


+0.92 ±0.64 


15 


5.46 


06 h 54 m 55 s 


.96 


-11°50'25."7 


7.5 


l."90 


+0.35 ±0.67 


16 


5.53 


06 h 55 m 29 s 


.56 


-11°49'00."1 


35.5 


0."81 


+0.02 ±0.22 


17 


5.80 


06 h 55 m 32 s 


.52 


-11°44'20."7 


2.5 


5." 40 




18 


5.89 


06 h 55 m 23 s 


.26 


-11°41'16."4 


2.5 


5."61 




19 


6.17 


06 h 55 m 34 s 


.57 


-11°44'44."0 


4.5 


3. "78 




20 


6.22 


06 h 55 m 32 s 


.00 


-11°43'03."7 


16.5 


l."44 


-0.14±0.36 


21 


6.22 


06 h 54 m 48 s 


.69 


-11°49'33."7 


8.5 


2."28 


-0.75 ± 0.70 


22 


6.28 


06 h 54 m 49 s 


.20 


-11°42'33."4 


4.5 


3. "95 




23 


6.43 


06 h 55 m 24 s 


.04 


-11°40'45."5 


7.5 


2."71 


-0.98 ±0.84 


24 


6.57 


06 h 55 m 15 s 


.12 


-11°39'44."9 


15.5 


l."67 


-0.73 ±0.45 


25 


8.46 


06 h 55 m 29 s 


.25 


-11°53'14."3 


7.4 


5. "62 


-0.82 ±0.88 



a The angular distance between the center of the INTEGRAL error circle, which is also the approximate Chandra aimpoint, and the source. 
b The number of ACIS-I counts detected (after background subtraction) in the 0.3 -10 keV ban d. 

c The 95% confidence statistical uncertainty on the position using Equation 5 from Hons et al. 12005). This does not include the systematic pointing error, which 
is 0."64 at 90% confidence and 1" at 99% confidence. 
d The hardness is given by (C2 — Ci)/(C2 +Ci), where C2 is the number of counts in the 2-10 keV band and Ci is the number of counts in the 0.3-2 keV band. 
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TABLE 10 

Chandra CANDIDATE COUNTERPARTS TO IGR J21 188+4901 



Source 6 a Chandra R.A. Chandra Decl. ACIS Position 



Number 


(arcminutes) 


(J2000) 


(J2000) 


Counts b 


Uncertainty c 


Hardness^ 


1 


3.26 


21 h T8 m 39 s .09 


+48°58'05."5 


4.3 


l."20 




? 


4.31 


? | h 1 8 m 47 s 8 1 


+49°05'19"6 


5.3 


1 "57 


v/.u j _i_ \j .y i 


3 


4.53 


21 h 18 m 20 s .23 


+49°00'43."0 


4. 1 


2."07 




4 


4.83 


2l h 18 m 54 s 59 


+48° 56' 19 "2 


6. 1 


1 "74 


4fl«-|-(| R5 


5 


5.64 


21 h 19 m 22 s .04 


+49°00'34."2 


3.1 


4." 18 




6 


5.91 


21 h 18 m 14 s .22 


+49°03'11."8 


3. 1 


4."70 




7 


6.46 


21 h 18 m 52 s .15 


+49°07'26."3 


7.1 


2." 87 


+0.62 ±0.77 


8 


6.79 


21 h 18 m 22 s .86 


+49°06'26."7 


7.1 


3. "24 


-0.78 ±0.82 


9 


6.87 


21 h 18 m 39 s .76 


+48°54'16."7 


5.5 


4." 16 


-1.38 ± 1.48 


10 


7.05 


21 h 19 m 17 s .20 


+48°55'53."1 


3.5 


6."75 




11 


7.29 


21 h 18 m 29 s .41 


+48°54'22."7 


2.5 


10." 15 




12 


7.95 


21 h 18 m 13 s .45 


+48°55'24."5 


10.5 


3." 48 


+0.14 ±0.55 


13 


8.04 


21 h 18 m 03 s .40 


+49°04'26."9 


6.5 


5." 48 


+1.46± 1.32 


14 


8.62 


21 h 19 m 40 s .33 


+49°01'17."6 


8.5 


5"21 


+0.88 ±0.82 


15 


8.96 


21 h 18 m 24 s .93 


+48°52'53."2 


5.5 


8." 85 


+0.82 ± 1.15 


16 


8.97 


21 h 18 m 58 s .24 


+49°09'49."3 


6.5 


7. "54 


+0.23 ±0.82 


17 


9.74 


21 h 19 m 29 s .26 


+49°07'59."9 


3.5 


18."20 





"The angular distance between the center of the INTEGRAL error circle, which is also the approximate Chandra aimpoint, and the source. 
b The number of ACIS-I counts detected (after background subtraction) in the 0.3 -10 keV ban d. 

c The 95% confidence statistical uncertainty on the position using Equation 5 from Hong et al. 1 2005). This does not include the systematic pointing error, which 
is 0."64 at 90% confidence and 1" at 99% confidence. 
d The hardness is given by (C2 —C\)/(C2 +Ci), where C2 is the number of counts in the 2-10 keV band and Q is the number of counts in the 0.3-2 keV band. 



TABLE 11 

Chandra CANDIDATE COUNTERPARTS TO IGR J22014+6034 



Source 


e L 


Chandra R.A. 


Chandra Decl. 


ACIS 


Position 




Number 


(arcminutes) 


(J2000) 


(J2000) 


Counts b 


Uncertainty c 


Hardness d 


1 


0.97 


22 h 01 m 25 s .01 


+60°34'03."0 


4.4 


0."62 




2 


1.26 


22 h 01 m 36 s .82 


+60°33'50."2 


3.4 


0."74 




3 


1.79 


22 h 01 m 15 s .12 


+60° 32' 55 ."2 


8.4 


0."56 


+0.56 ±0.61 


4 


2.13 


22 h 01 m 09 s .34 


+60°34'08."7 


14.4 


0."50 


-0.79 ±0.46 


5 


2.41 


22 h 01 m 46 s .26 


+60°33'56."9 


5.4 


0."78 


-0.43 ±0.82 


6 


3.27 


22 h 01 m 13 s .28 


+60°31'11."5 


4.4 


l."19 




7 


3.27 


22 h 01 m 26 s .91 


+60°30'44."7 


3.4 


l."41 




8 


3.44 


22 h 01 m 06 s .43 


+60°31'38."8 


3.4 


l."51 




9 


3.51 


22 h 01 m 16 s .68 


+60° 37' 18. "6 


8.4 


0."89 


+0.79 ±0.67 


10 


3.87 


22 h 01 m 57 s .40 


+60°33'11."5 


6.4 


l."17 


+0.73 ±0.79 


11 


4.49 


22 h 01 m 30 s .94 


+60°29'33."6 


2.7 


2." 82 




12 


4.61 


22 h 01 m 15 s .05 


+60°38'24."1 


4.7 


l."93 




13 


4.67 


22 h 01 m 18 s .31 


+60°38'34."5 


2.7 


3. "06 




14 


5.34 


22 h 01 m 54 s .13 


+60°38'09."5 


31.7 


0."81 


-0.61 ±0.27 


15 


5.89 


22 h 02 m 13 s .69 


+60°32'54."4 


4.7 


3."25 




16 


6.11 


22 h 02 m 08 s .35 


+60°30'42."4 


10.7 


l."85 


-1.15±0.70 


17 


6.12 


22 h 01 m 21 s .87 


+60°40'06."9 


28.7 


l."04 


+0.13 ±0.25 


18 


6.13 


22 h 02 m 15 s .84 


+60°35'01."3 


4.7 


3."58 




19 


6.19 


22 h 01 m 30 s .48 


+60°40'11."3 


4.7 


3. "67 




20 


6.32 


22 h 01 m 41 s .45 


+60°40'04."2 


2.7 


6."32 




21 


6.94 


22 h 00 m 31 s .63 


+60° 32' 27 "1 


3.8 


5. "99 




22 


7.29 


22 h 00 m 58 s .94 


+60°27'34."7 


16.8 


l."98 


+0.19±0.38 


23 


7.87 


22 h 02 m 08 s .45 


+60°28'04."0 


2.8 


11. "50 




24 


8.05 


22 h 00 m 21 s .14 


+60°33'41."8 


45.8 


l."35 


-0.91 ±0.25 


25 


8.90 


22 h 02 m 03 s .44 


+60° 26' 21. "8 


3.8 


12."53 




26 


9.55 


22 h 01 m 43 s .90 


+60°24'42."7 


8.8 


6." 80 


-1.24±0.91 


27 


10.02 


22 h 01 m 40 s .46 


+60°24'09."0 


18.8 


4."00 


+0.17 ±0.35 


28 


10.38 


22 h 02 m 03 s .26 


+60°24'40."3 


3.8 


20." 66 





a The angular distance between the center of the INTEGRAL error circle, which is also the approximate Chandra aimpoint, and the source. 
b The number of ACIS-I counts detected (after background subtraction) in the 0.3 -10 keV ban d. 

c The 95% confidence statistical uncertainty on the position using Equation 5 from Hone et al. 1 2005). This does not include the systematic pointing error, which 
is 0."64 at 90% confidence and 1" at 99% confidence. 
d The hardness is given by (C2 — Ci)/(C"2 +Ci), where C2 is the number of counts in the 2-10 keV band and C\ is the number of counts in the 0.3-2 keV band. 



